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(57) [Abstract] 

[Problem] It offers manufacturing method of distributed feedback typ 
e semiconductor laser element where productivity is good, 
higtyield rate , it designates that low cost and high quality 
distributed feedback type semiconductor laser element are offered as 
theobjective. 

[Means of Solution] Beir^ a manufacturing method of distributed fe 
edback type semiconductor laser element, step which forms laser 
substrate, step which forms grating on laser substrate, step which 
forms ridge in stripe direction by etching doirg thelaser substrate 
where grating was formed step which forms electrode. It 
designates that it includes as feature. 
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[Claim(s)] 

[Claim 1] Step which forms laser substrate, step which forms gratin 
g on aforerrentioned laser substrate, step which forms ridge in 
stripe direction by etching doing thelaser substrate where grating 
was formed 

Step which forms electrode. 

Manufacturing method of distributed feedback type semiconductor I 
aser element which designates that it includes as feature. 

[Claim 2] As for step which forms aforementioned grating, 

On laser substrate step it applies ( laminate ) resist layer. 

Step which forms gating in aforementioned resist layer. 

Step which copies grating which was formed to theaforementioned re 
sist layer to laser substrate. 

Manufacturing method of distributed feedback type semiconductor 1 
aser element which is stated in Claim 1 which designatesthat it 
consists of as feature. 

[Claim 3] Manufacturing method of distributed feedback type senic 
ondirtor laser element where aforementioned grating designates 
thatit is formed by optical interference exposure method as feature, 
states inany oftheClaiml or 2. 

[Claim 4] Distributed feedback type semiconductor laser element w 
hich is produced by method of any of Claim 1 to 3. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards iranufactu 
ring method and distributed feedback type semiconductor laser 
element of distributed feedback type (distributed feedback :DFB) 
semiconductor laser element 

[0002] 

[Prior Art] Distributed feedback type semiconductor laser element is 
known as element which can be applied by short wavelength laser 
orthe miniature solid laser pump light source and 
phctomeasuremenl field etc which ise optical CATV or other 
optical cx>nxriini cation systan and SHG (second harmonic 
generation) element conventional distributed feedback type 
semiconductor laser is formed by so-called 2-stags epitaxial growth. 
With 2-stage epitaxial growth, it provides grating ((Effraction 
grating) in waveguide layer of laser, aflerthat epitaxial growth does 
other layers on waveguide and forrra 
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[0003] Figure 3 and Figure 4 is figure which shows production step 
of conventional distributed feedback type serriconductor laser, in 
the Figure 3 (a), making use of InP substrate 301 , n-InP bottom 
cladding layer 302 and grating-providing layer 303a are formed 
withsuch as predetermined epitaxial growth method , liquid phase 
growing method , organic metal vapor phase deposition method 
and molecular beam growing method with crystal growth of first. 

[0004] As shown next in Figure 3 (b), layer 303b to which grating is 
administered grating-providing layer (active layer)303a by 
interfering exposure is formed. As shown next in Figure 3 (c), active 
layer 304, p -InP upper part cladding layer 305 and contact layer 
306 whichimbedded grating with crystal growth (regrowth step) of 
second are formed on layer303b where grating was formed 

[0005] As shown next in Figure 3 (d), forming unshown ridgp mask 
on contact layer 306, etchingdoing contact layer 306 and cladding 
layer, it forms with two sided flat part 31 1 and ridge 31 Owhich 
possesses flat top surface with specified height which overhang is 
done fromthese. 

[0006] As next, after step of Figure 3 (a) to (d), shown in Figure 4 (a), 
SOG(Spin on Glass) filmor polyimide film or other insulating 
protective film31 2 is formed over onflat top surface of two sided 
flatpart31 1 andridge310. As next, shown in Figure 4 (b), until 
contact layer 306 appears, it removes theinsulating protective film 
3 1 2 on contact layer 306 with etchir^, as shown in Figure 4 (c), 
with the for example Au/Znor other metal conducting layer as 
electrode 3 1 3 forrrir^ with vacuum vapor deposition, etc it 
completes ridge type DFB semiconductor laser element. Of course, 
electrode is formed even on substrate 301 side where 
unshownopposes to electrode 3 1 3. 

[0007] In addition, in order to evade complexity of 2-stage epitaxial 
growth, it is producednamely there is not a epitaxial regrowth on 
flat substrate depending upon single step epitaxial growth,a!so so- 
called unregrown distributed feedback type serriconductor laser is 
developed epitaxial growth doing active layer and cladding layer 
etc in for example substrate, it forms the ridge, distributed feedback 
type semiconductor laser only of refractive index coupling which 
provides grating in the ridge top surface and its two sided flat part 
is disclosed In manufacturing method of this unregrown distributed 
feedback type semiconductor laser element, grating is formed by 
electron beam writing method 

[0008] 

[Problems to be Solved by the Invention] But, above-mentioned wa 
y with manufacturing method of conventional distributed feedback 
type serriconductor laser element, stepwhere formation of ridge and 
formation of grating becomeindependent is needed, there is a 
problem that has become also cause ofthe higjicost productivity is 
low. 

[0009] As for this invention considering to above-mentioned proble 
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n\ beinj^omething which you can do, it offers manufacturing method 
of distributed feedback type semiconductor laser elerrent where the 
productivity is good, hi^i yield rate , it designates that low cost 
and the high quality distributed feedback type semiconductor laser 
element are offered as object. 

[0010] 

[Means to Solve the Problems] In order to solve above-mentioned pr 
oblem, as for manufacturing method of thedistributed feedback type 
semiconductor laser element due to this invention, step which forms 
laser substrate, step which forms grating on laser substrate, step 
which forms ridge in stripe direction by etching doing thelaser 
substrate where grating was formed step which forms electrode. It 
designates that it includes as feature. 

[001 1] In addition, as for invention which is stated in Claim 2 , bein 
ga manufacturing method of distributed feedback type 
semiconductor laser element which is stated in Claim 1, step 
whichforms grating, on laser substrate step it applies ( lamirate ) 
resist layer, step which forms grating in resist layer, step which 
copies grating which was formed to resist layer to thelaser substrate. 
It designates that it consists of as feature. 

[0012] In addition, as for invention which is stated in daim3 , bein 
g3 manufacturing method of distributed feedback type 
semiconductor laser element which is stated in any of Claim 1 or 2, 
as forthe grating it designates that it is formed by optical 
interference exposure method as feature. 

[001 3] In addition, invention which is stated in Qaim4 designates 
that it is a distributed feedback type semiconductor laser element 
which is produced by method ofany of the Claim 1 or2asfeature. 

[0014] 

[Work or Operations of the Invention] As for this invention above-m 
entioned way, it is possible to formtheridge and grating with sarre 
step with etching production of thedistributed feedback type 
semi conducted laser element where productivity is good is made 
possible, high yield rate , itbecomes possible to offer distributed 
feedback type semiconductor laser element with low cost arri higfi 
quality. 

[0015] 

[Embodiment of Invention] Below, basis being attached to Figure 1 
and Figure 2, you explain embodiment of themethod which produces 
distributed feedback type semiconductor laser due to this invention 
First, as shown in Figure 1 (a), you prepare n-InP substrate 101, in 
order, theactive layer 103 which consists of InGaAsP to put 
between with guide layer 102, 104 whichconsists of InGaAsP 
where composition differs with suchas predetermined epitaxial 
growth m^hcxl, liquid frfasegrowir^ method, organic metal vapor 
phase deposition method and molecular beam growirg method, you 
form, sequential film formation do each layer of then-InP cladding 
layer 105, p-InGaAs P contact layer 106 and p-InGaAs cap layer 
107 on that, form laser substrate. 

P.5 
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[0016] As next, shown in Figure 1 (b), resist 108 for grating exposu 
re is applied on thecap layer 1 07. In this case, after in surface of cap 
layer 107 did Si02 filmetc film fornBtionwith such as sputter, 
forming insulating protective film, when resist application is done, 
it is. 

[001 7] After doing resist application , exposure and development do 
ing predetermined grating with dual beam interference exposure 
method, etcyou obtain grating, ( Figure 1 (c)). When grating is 
acquired, it copies gratirg to semiconductor layer (ncladding layer) 
with the Cl2 dry etching , removes resist. When SiQ2 film which 
you mention earlier is used, copying gratirgpassing by copying to 
Si02 film, means to be copied to semiconductor layer. 

[0018] As next, shown in Figure 1 (d), mask of oxidized filmfor SiO 
2 or other etching ofthe ridge fi lm formation after doing passing by 
photolithography and electron beam processetc due to sputter or 
other method , as it processes in stripe pattern, passes by the Q2 dry 
etching and as shown in Figure 1 (e), it forms ridge in stripe 
direction, itis copied to cladding layer 105 where information of 
grating structure of surface putsbetween ridge sidewall and ridge 
110. 

[0019] Next, removing SiQ2 mask for ridge formation, top surface of 
kind of ridge 1 lOwhich it shows in Figure 2 (a), you obtain 
structure where grating 109 wasformed to cladding layer 105 of 
both side walls and both sides. If each sidewall semiconductor 
substrate bottom surface angle which is formed is 90 degrees, 
thegrating of both side walls of ridge 1 10 among grating 109 is not 
formed, but asfor this angle it becomes tilt angle generally, because it 
is formed tothe 65 to 80 degree extent, it means that shallow grating 
is formed even in both side wallsof ridge 1 10. 

[0020] Basic structure of distributed feedback type semiconductor la 
ser element of this invention to be formed, then as shown 
untilrecently in same way in Figure 2 (b), in upper part of Figure 2 
(a) theexposure ( self-aligning method) doing upper surface of ridge 
1 10 with pad, and the dry etching ( Figure 2 (c)), passirgby 
formation process of electrode 1 13 of Figqre 2 (d) to (f), 
cleavingdoing, distributed feedback type semiconductor laser 
element of this invention is completed water glass or polyinide 
resin or other insulating protective film 1 12 now( Figure 2 (g)). 

[002 1 ] As though it is above, with manufacturing method of distribu 
ted feedback type smi conductor laser element of this invention, 
applying resist to top surface of laser substrate which film formation 
is donebeforehand in flat, it forms grating with dual beam interference 
exposure method, etc afterforning InP grating with dry etching , film 
formation it does mask for theSiQ2 or other ridge formation on 
grating, 

[0022] Furthermore, also it is possible to use for example electron be 
am writing method or SOR-X method etc, inplace of dual beam 
interference exposure method etc which description above is dore, 
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but if the dual beam interference exposure method is used, becaiee 
grating is lunped together is formed, the step is sufficient short tine, 
furthermore also expensive facility becomesurmece^sary. 

[0023] When it forms ridge and, after mask film formation for ridge for 
mation, with the dry etching , also grating 109 is formed with sane 
step. As for highflow difference of grating which is shown in 
namely, Figure l (d) while it ismaintained that way with process of 
ridge formation, as for etching inorder to advance, formation of ridge 
and formation of gratingare done with same step. Therefore, greatly 
it is possible productivity in producing distributed feedback type 
semiconductor laser elementin comparison with past to improve, 
distributed feedback type semiconductor laser elemert, high yield 
rate , itbecomes possible to offer with low cost and high quality. 

[0024] Especially this invention, when producirg unregrown distr 
ibuted feedback type and laterally coupled distributed feedback 
type semiconductor laser element, iseffecti ve even in distributed 
feedback type semiconductor laser element. 

[0025] 

[Effects of the Invention] Like above, according to this invention, it 
is possible to form ridge and grating with same step with etchir^ 
production of distributed feedback type semiconductor laser 
elementwhere productivity is good is made possible, high yield rate , 
it becomespossible to offer distributed feedback type semiconductor 
laser element with low cost and high quality. 

[Brief Explanation of the I>awing(s)] 

[Figure 1] It is a oblique diagram which shows production step of di 
stributed feedback type semiconductor laser element in this 
invention. 

[Figure 2] It is a oblique diagram which shows production step of di 
stributed feedback type semiconductor laser element in this 
invention. 

[Figure 3] It is a figure which shows production step of convention 
1 distributed feedback type seniconductor laser. 

[Figure 4] It is a figure which shows production step of conventiona 
1 distributed feedback type semiconductor laser. 

[Explanation of Reference Signs in Drawing] 

101,301*** substrate 

102,104*** guide layer 

103303a303b304*** active layer 

105302^05*** claddir^ layer 

106306*** contact layer 
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107*** cap layer 

108 * * * . resist for grating exposure 

109*** grating 

110,310*** ridge 

31 1 *** two sided flat part 

112 312*** insulating protective film 

113 313*** electrode 
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[Figure 1] 
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